Objective To assess the relative risk of oral clefts associated with maternal use of high and low doses of topiramate during the first trimester for epilepsy and nonepilepsy indications.
Topiramate is an anticonvulsant drug commonly used for indications other than epilepsy such as bipolar disorder and migraine. Multiple studies have shown a 2-to 5-fold increased risk of oral clefts in the infant after maternal use of topiramate early in pregnancy. [1] [2] [3] [4] Topiramate has also been associated with low birth weight. 5 However, most participants in these studies used topiramate to prevent seizures, and questions remain as to whether the lower doses used for nonepilepsy indications also confer risk. 2 The potential dose-dependent teratogenic effect of topiramate is also relevant for the low-dose topiramate-containing (23-92 mg/d) weight loss product (phentermine/topiramate) recently approved by the US Food and Drug Administration. [6] [7] [8] Although this product is not indicated for pregnant women, given that half of pregnancies are unplanned, 9 there may be more low-dose exposures in future pregnancies.
Given the relatively low incidence of oral clefts, evidence must necessarily come from large observational studies. The lack of randomization in these studies has to be compensated for by methods that maximize the comparability between the exposed and reference groups. These methods include adjusting for crucial confounders such as the indication for the drug when topiramate users are compared with a nonuser group and using comparative safety approaches where topiramate is compared to a standard therapy. Lamotrigine is a valid active comparator for topiramate given the overlap of some indications (epilepsy and bipolar disorder) and the amount of information supporting its safety for fetal development. 2, [10] [11] [12] [13] Therefore, we conducted a population-based, propensity score (PS)-stratified cohort study nested in the nationwide Medicaid Analytic eXtract (MAX) to evaluate whether first-trimester exposure to topiramate increases the risk of oral clefts in a population of pregnant women exposed to high and low doses for epilepsy and nonepilepsy indications relative to both untreated women and women treated with lamotrigine.
Methods

Data source
We used data from the MAX from 2000 to 2010. MAX captures demographic and Medicaid enrollment information, health care use, all diagnoses and procedures received as an inpatient or outpatient, and all prescriptions filled outside of a hospital. The creation of the pregnancy cohort within MAX has been described in detail elsewhere.
14 Diagnoses and procedures are identified by the ICD-9-CM and Current Procedural Terminology codes.
Use of medications is identified by drug-dispensing claims that include National Drug Codes, filling date, quantity dispensed, and days' supply.
Study design
The cohort consisted of all pregnancies in women 12 to 55 years old that resulted in a live birth. The date of the last menstrual period (LMP) was estimated based on a validated algorithm. 15 Women were required to be enrolled in Medicaid, without supplementary private insurance or restricted benefits, from 3 months before the date of the LMP to 1 month after delivery. Infants were required to be enrolled in Medicaid for the first 3 months of life unless they died sooner. Pregnancies exposed to a known teratogenic medication during the first trimester other than an antiepileptic drug (e.g., warfarin, antineoplastic agents, lithium, isotretinoin, misoprostol, thalidomide) and pregnancies with a documented chromosomal abnormality (ICD-9 code 758.xx or 759.81-759.83) were excluded (figure e-1, http://links.lww.com/WNL/A54).
Exposure definition
Exposure to topiramate was defined as filling ≥1 prescriptions during the first trimester of pregnancy (i.e., the first 90 days). The primary reference group of unexposed pregnancies included women without any fill for a topiramate or other anticonvulsant prescription from 3 months before the LMP to the end of the first trimester. No prescription fill during the 3 months before the start of pregnancy was required to avoid misclassifying as unexposed women who were still using the medication from an earlier filling. We also identified a secondary reference group of pregnancies exposed to lamotrigine, defined as at least 1 filled prescription during the first trimester, and no prescription of topiramate or other anticonvulsant during the 90 days before the LMP through the end of the first trimester.
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Outcome definition
The presence of oral clefts was ascertained from inpatient or outpatient ICD-9 diagnoses and related procedure codes in the infant records within the first 3 months after the date of birth. Maternal records during the first month after delivery were also considered because claims are sometimes recorded under the mother while the infant's Medicaid enrollment is being processed. We considered an oral cleft (including cleft lip and cleft palate) to be present in the infant if there was an ICD-9 diagnosis code of 749.xx recorded on >1 date, because the presence of a single code may indicate a rule-out diagnosis, or if there was a diagnosis code recorded on only 1 date but there was also a related surgery or procedure code. 16 A Glossary CI = confidence interval; ICD-9-CM = International Classification of Diseases, 9th Revision, Clinical Modification; LMP = last menstrual period; MAX = Medicaid Analytic eXtract; PS = propensity score; RR = risk ratio.
validation study in Medicaid data showed a positive predictive value for oral clefts of 91%. 17 Covariates Potential confounders considered included maternal age, race, topiramate indications (i.e., epilepsy or seizures, migraine, bipolar disorder, pain conditions), obesity, smoking, comorbidities (e.g., diabetes mellitus, hypertension), concomitant medications (e.g., antipsychotics, antidepressants, antidiabetic and antihypertensive medications), and proxies for overall health status (e.g., Obstetric Comorbidity Index, 18 number of hospitalizations). 19 Chronic maternal illnesses were ascertained during the time period from 3 months before the LMP to the end of the first trimester. Concomitant medication use was assessed during the first trimester. Proxies for health care use were assessed during the 3 months before pregnancy (table 1) .
Primary data analysis
Baseline characteristics were compared between women treated with topiramate, with or without other anticonvulsants, and the 2 reference groups. The risk of oral clefts and the unadjusted risk ratio (RR) with its 95% confidence interval (CI) were calculated. Then, PSs were estimated as the predicted probability of topiramate exposure during the first trimester with logistic regression models including all covariates specified above without further selection. After the exclusion of pregnancies from the nonoverlapping regions of the PS distributions, 50 equally sized strata based on the PS distribution among exposed women were created. Adjusted RRs were estimated with generalized linear models in which the unexposed pregnancies were weighted by the PS distribution of the topiramate-exposed pregnancies (SAS PROC GENMOD with weight statement and loglink function). To account for correlations within women with multiple pregnancies, we used a robust variance estimator. However, because results were almost identical, the primary analysis omitted correlation structures.
Secondary data analysis
To evaluate the effect of topiramate as used for different indications, we repeated the primary analyses within women with epilepsy or seizures and women without epilepsy or seizures claims from 3 months before the LMP to the end of the first trimester. That is, if a woman had epilepsy and migraine, she would be included only in the first group.
To evaluate the effect of concomitant exposure to other anticonvulsants, some of which may be teratogenic, we stratified the topiramate-exposed group into monotherapy and polytherapy. The monotherapy category included women exposed to topiramate but without any dispensing for other anticonvulsant drugs during the 3 months before the start of pregnancy or during the first trimester. The polytherapy category comprised women with at least 1 dispensing for other anticonvulsants in addition to topiramate during the first trimester, including those who added or switched to a different anticonvulsant. The RR was estimated for the monotherapy and polytherapy exposure categories in relation to the same unexposed reference group.
For topiramate use in monotherapy, we evaluated the effect of dose using strata based on daily dose ≤100 and >100 mg for the first topiramate prescription filled during the first trimester. This threshold corresponded to the doses usually recommended for epilepsy and nonepilepsy indications. Within the epilepsy indication, the range of doses recommended is larger, while recommended doses are lower for bipolar disorder or migraine. The RR was estimated for each dose category in relation to the same unexposed reference group.
Sensitivity analyses
A number of prespecified sensitivity analyses were conducted to assess the robustness of the primary analysis estimates. To evaluate the effect of exposure misclassification, we redefined exposure as having at least 2 pharmacy dispensing records for topiramate during the first trimester under the assumption that women with ≥2 prescriptions filled in 3 months are more likely to have adhered to at least the first one. We also repeated the dose-response analysis using the highest dose during the first trimester because topiramate doses may be increased as pregnancy progresses to prevent seizures. To evaluate the effect of outcome misclassification, we redefined the outcome on the basis of infant claims only and extended infant follow-up to 1 year. To evaluate the sensitivity of the results to the timing of topiramate exposure during the etiologically relevant gestational window, we assessed the RR associated with topiramate dispensing during the 3 months before pregnancy and not during the first trimester.
Finally, we added the current study to prior evidence on the association between use of topiramate early in pregnancy and oral clefts, which consisted of 6 nonrandomized studies, and estimated a pooled RR using a random-effects model. We assessed between-study heterogeneity with the χ 2 statistic and the I 2 statistic and pooled estimates using the DerSimonian and Laird random-effects model.
All analyses were conducted with SAS software, version 9.3 of the SAS System for Unix (SAS Institute Inc, Cary, NC). 
Standard protocol approvals, registrations, and patient consents
Results
The number of pregnancies eligible for analyses was 2,425 in the topiramate-exposed group, 1,322,955 in the unexposed group, and 2,796 in the lamotrigine-exposed reference group (figure e-1, http://links.lww.com/WNL/A54). Compared to the unexposed women, women on topiramate were older and more likely to be white and obese; a higher proportion smoked, had chronic illnesses, and used concomitant medications; and they had greater health care utilization (table 1) . Baseline characteristics were more homogeneous between the topiramate-and the lamotrigine-exposed groups. After c Analyses comparing topiramate to lamotrigine were restricted to patients who did not concomitantly use topiramate and lamotrigine during the 90 days before the last menstrual period through the end of the first trimester. d Other anticonvulsant medications were excluded from the comparator group and thus were not included in the PS model in the comparisons of topiramate and untreated pregnancies but were included in the comparison of topiramate-and lamotrigine-exposed pregnancies.
standardization by PS, the 2 reference cohorts were very similar to the topiramate users ( figure 2 ). The median daily dose was 200 mg (interquartile range 100-250 mg) for women with epilepsy and 100 mg (interquartile range 50-150 mg) for women without epilepsy. The sample size was insufficient to assess a dose response within indications.
Results from sensitivity analyses were robust; the RR remained around the 3-fold increased risk (figure 2). The RR for ≥2 prescriptions during the first trimester was 3.50 (95% CI 1.46-8.41). Exposed women with epilepsy were more likely to have ≥2 prescriptions (59%) than women without epilepsy (32%). The sample size was insufficient to assess the effect of the number of prescriptions within indications. The RR for topiramate dispensing during the 3 months before the LMP but not during the first trimester was 1.16 (95% CI 0.44-3.10) and for dispensing during the most etiologically relevant period for oral clefts (6-12 weeks after LMP) was 3.36 (95% CI 1.09-10.40).
The estimated pooled primary RR of this study with the previous 6 studies was 5.27 (95% CI 2.88-9.65) (figure 3). The I 2 was 53%, suggesting moderate heterogeneity between studies, and the p value for the χ 2 statistic was 0.05.
Discussion
In a cohort of >1.3 million pregnancies, we found that maternal use of topiramate during the first trimester was associated with an ≈3-fold increased risk of oral clefts after accounting for confounding by clinical characteristics. The RR was larger at the higher doses used for epilepsy. The association remained in sensitivity analyses that varied the exposure and outcome definitions.
The use of topiramate increased during the last decade. 20 In contemporary practice, it is commonly used to prevent migraine headaches and as a mood stabilizer to treat bipolar disorders. However, most of the evidence on its safety during pregnancy comes from the experience treating women with epilepsy. The pregnancy registries in particular included mainly women with epilepsy, with a median daily dose of 200 mg during the first trimester, and could not assess the effect of the lower doses recommended for nonepilepsy indications. 2, 3 The 2 studies that included a larger proportion of topiramate users for nonepilepsy indications identified oral cleft cases at daily doses as low as 25 mg, 1, 4 but the sample sizes were insufficient for formal dose-response analyses. The current larger cohort study found a substantially weaker association between topiramate and oral clefts for the lower doses used to treat nonepilepsy indications. However, the finding of lower risk at doses ≤100 mg needs to be interpreted with caution because this estimate is less precise due to the smaller sample size of women treated at this dose. Moreover, the indication may modify the RR for topiramate for multiple reasons, including different doses, differential compliance with the treatment, or an interaction between the underlying indication and the drug. We explored these possibilities with secondary analyses; however, the sample size was insufficient to completely disentangle them.
Overall, at least 6 studies have reported a risk for oral clefts among prenatally exposed live births >5 times larger than in the reference populations. [1] [2] [3] [4] 21 The study that did not find an association was based on 2 topiramate-exposed cases, and the 95% CI for the RR included a 5-fold increased risk; therefore, it was not inconsistent with the other findings ( figure 3) . 22 The larger proportion of women on lower topiramate doses for nonepilepsy indications may explain the more modest primary RR magnitude in the current study; however, the RR was 5.2 for daily doses >100 mg. Studies also differed in their outcome definition, with most including oral clefts (both cleft lip and palate) but some focusing on cleft lip.
2 (Our sample size was insufficient for us to explore these 2 malformations separately.) Another distinguishing characteristic is that our study population included Medicaid-eligible pregnant women, a young, racially diverse, and socioeconomically disadvantaged group. However, although these factors may affect baseline risks, they are not believed to affect the effect of teratogens.
Strengths of our study include its very large population-based cohort, systematic prospective assessment of drug exposure, an outcome with high positive predictive value in validation studies, and the availability of information on a wide range of covariates used for careful control for potential confounders. The study limitations include the potential for residual confounding, misclassification, and selection biases.
The reasons for treatment are the most concerning source of confounding in the evaluation of the safety of topiramate. 4 It was initially proposed that epilepsy itself could increase the risk of congenital malformations, although most studies have refuted this hypothesis. [23] [24] [25] [26] [27] [28] The same could be speculated for nonepilepsy indications such as migraine or bipolar disorders, together with associated lifestyle factors. Comparative safety methods minimize this potential channeling bias by comparing different drugs among women with balanced indications. We were able to study topiramate when used for a range of indications and to compare topiramate with lamotrigine after balancing indications of use. In addition, we adjusted for a large number of predefined potential confounders through the use of PS, which resulted in exposure groups with balanced measured characteristics and tended to move the RR estimates downward. However, this approach does not eliminate potential confounding by unmeasured or poorly measured characteristics such as obesity or smoking.
Smoking was more common in topiramate users than in the unexposed reference group, which is consistent with previous studies.
2 Obesity was also more frequently recorded in topiramate users in our data, albeit based on incomplete ascertainment. According to the US National Health and Nutrition Examination Survey, 29 young women on topiramate are more frequently overweight than those on other anticonvulsants, probably because topiramate has been preferentially prescribed to overweight women seeking its weight loss effect. Table 2 Risk at birth of oral clefts among infants exposed to topiramate during the first trimester compared to infants exposed to lamotrigine and to unexposed infants Thus, our RR estimates could be affected by unbalanced maternal smoking and body weight in the 2 groups. However, given the modest positive association between smoking or obesity and oral clefts, we would be only slightly overestimating the effect of topiramate. 1, 5 Adjustment for smoking or obesity in previous studies did not move the effect estimates. 1 Moreover, we used PS to adjust for a variety of characteristics that are correlated with smoking or obesity, including psychiatric conditions, diabetes mellitus, and diabetes treatments, and we compared topiramate users with a group of lamotrigine users with presumably more balanced unmeasured characteristics.
An important concern of claims databases is the misclassification of both exposure and outcome. Nondifferential misclassification tends to bias results toward the null. Filling a prescription does not guarantee that the anticonvulsant was actually taken during the days supplied. While women with epilepsy are more likely to adhere to therapy, women with migraine may often discontinue treatment or use the drug intermittently. To address this concern, in secondary analyses, we required women to have filled a minimum of 2 prescriptions during the first trimester; the RR moved to 3.5 with wide CIs.
Regarding the outcome, the risk among the unexposed (1.1 oral clefts per 1,000 live-born infants) is in line with expectations given prior publications. Moreover, the positive predictive value for oral clefts in health care databases has been estimated to be between 91% and 97%. 4, 17 This nondifferential modest misclassification would minimally bias the RR toward the null.
Lastly, our cohort was restricted to live births. Therefore, severe congenital malformations that result in pregnancy losses or terminations will be missed. Although this selection could theoretically result in bias, nonsyndromic oral clefts do not result in fetal deaths and are rarely a reason for terminations. 30 Thus, it is highly unlikely that differential terminations among topiramate users vs the reference groups could account for our findings.
The accumulated evidence consistently suggests that firsttrimester use of topiramate increases the risk of oral clefts. Our results suggest that the increased risk may be more pronounced in women with epilepsy, likely because of the higher doses, and thus further support avoiding high doses of topiramate in women of childbearing age to prevent exposures early in pregnancy unless the benefits clearly outweigh these risks. Approximately 1 in 1,000 infants is born with an oral cleft 31 ; assuming that the association is causal, the observed RR would translate to a risk on the order of 5 cases of oral clefts per 1,000 pregnancies exposed to topiramate at daily doses >100 mg in the first trimester. 
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Study question
How does first-trimester maternal use of topiramate for epilepsy and other indications affect the risk of oral clefts in newborns?
Summary answer
First-trimester topiramate use increases the risk of oral clefts in newborns, especially if the mother is taking the high doses prescribed for epilepsy.
What is known and what this paper adds
Topiramate use for epilepsy during early pregnancy increases the risk of oral clefts in newborns. This study provides evidence that topiramate use for other conditions also increases this risk but to a lesser extent.
Participants and setting
This study analyzed Medicaid data for 1,360,101 US women with pregnancies ending in live birth. The data covered the 2000-2010 time frame.
Design, size, and duration The study analyzed the prevalence of oral cleft diagnoses recorded within 90 days of childbirth. The study compared babies born to women with a first-trimester filled topiramate prescription (n = 2,425) to those born to women without one (n = 1,322,955). Risk ratios (RRs) were calculated with generalized linear models.
Main results and the role of chance
The prevalence of oral clefts per 1,000 births was 4.1 in the topiramate group and 1.1 in the nonexposed group. The adjusted RR for oral clefts associated with topiramate exposure was 2.90 (95% confidence interval [CI] 1.56-5.40) relative to the nonexposed group. For babies born to mothers who took topiramate for epilepsy (median daily dose 200 mg), the prevalence of oral clefts was 12.3 per 1,000 births, and the adjusted RR relative to the nonexposed group was 8.30 (95% CI 2.65-26.07). For babies born to mothers who took topiramate for other indications (median daily dose 100 mg), the incidence of oral clefts was 2.1 per 1,000 births, and the adjusted RR relative to the nonexposed group was 1.45 (95% CI 0.54-3.86).
Bias, confounding, and other reasons for caution The topiramate group had elevated prevalences of obesity and smoking relative to the nonexposed group, of uncertain confounding effect. The use of claims data is limited by misclassification of both real topiramate intake and oral cleft diagnoses, which would tend to underestimate the RRs. However, the prevalence of oral clefts in this study was similar to that in birth defects surveillance programs.
Generalizability to other populations Medicaid enrollees are socioeconomically disadvantaged. This may limit generalizability to more advantaged populations. Generalizability to other populations may be dependent on the dose used.
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